In agreement with previous findings (Nissen 2017a,b), data (Wilczek-Vera et al. 2004 ) for the ion activities of a variety of simple inorganic compounds are shown to be precisely represented as multiphasic, i.e. as a series of straight lines separated by discontinuous transitions.
Introduction
A wide variety of processes and phenomena, non-biological as well as biological, has been conventionally, and maybe wrongly, represented by curvilinear profiles. Thus, ion uptake in plants has been found to be multiphasic when plotted in linear transformations of the Michaelis-Menten equation (Nissen 1971 (Nissen , 1974 (Nissen , 1991 (Nissen , 1996 , as have published data for other transport, binding and enzyme systems (Nissen and Martín-Nieto 1998) . Such profiles have now been found also for activation of ion channels, binding, pH, folding/unfolding, effects of various interactions and of chain length (Nissen 2015a ,b, Nissen 2016a . These processes have little in common beyond the ions involved. The finding (Nissen 2017a,b) of multiphasic profiles for ion activities of NaCl, KCl, NaBr and KBr at 15, 25, 35 and 45 o C (data of Lee et al. 2002) indicate that they are somehow also causing the multiphasic profiles in more complex systems. In the present paper, data (Wilczek-Vera et al. 2004 ) for cation and anion activation are similar for some compounds, but the multiphasic profiles can be widely different for other compounds.
Analysis and Results
The data for m and γ in Tables 17 in WilczekVera et al. (2004) have been plotted over the entire concentration range both for cation and anion activities. For KOH, plots at low concentrations are also shown. The findings (number of phases, concentrations at or over which the transitions occur, occurrence of jumps and parallel lines, and any special comments) are given briefly under each pair of plots. The r values for the straight lines are given on the plots, as are the slopes ± SE (or only slopes). The figures group for the most part quite logically together on the same page.
A major finding in the analysis of these and many other data sets giving multiphasic profiles is the extreme precision of the data. For the present data there is a total of 130 lines with 3 or more points. Of these, 93% have absolute r values of 0.995 or higher, 75% have values of 0.999 or higher, and 30% have values of 0.9999 or higher. The few low values are for the most part due to the lines being horizontal or almost so. 
Comparisons
It should first be noted that all the profiles are precisely multiphasic, including the profiles for NaCl (Fig. 4) and CaCl 2 (Fig. 19 ) that have previously (Liu and Eisenberg 2015) been represented as curvilinear.
KCl, KBr, KF, NaCl, NaBr, NaF For KCl the plots for cation and anion activities decrease at low to intermediate concentrations befor leveling off or increasing slightly at high concentrations. This may be the case also for KBr and KF, but the data are somewhat limited and there are some differences. At high concentrations, the y values for NaCl and NaBr increase more for the cations than for the anions. The intermediate peak in the cation profile for NaBr is also found in data of Lee et al. (2002) (Nissen 2017b) . The data for NaF are limited, and there may be no real difference between the profiles.
The large difference between the cation plots for NaBr and KBr, also noted by Lin and Lee (2003) , may help show which effects are most important in theories of activity.
LiCl, LiBr, CsCl
After an initial decrease for LiCl and LiBr, the y values for cation activities increase much more at high concentrations than do the values for anion activities. For CsCl the values for the two activities are about the same and they decrease consistently with increasing concentrations.
NaOH, KOH, HCl
For NaOH there is an initial marked decrease in both activities but then a slight increase at high concentrations. For KOH there is a decrease in cation activities, but a marked increase in anion activities. At low concentrations the multiphasic properties of the profile are particularly pronounced. After an initial decline, the increase in cation activities for HCl is greater than the increase in anion activities. NaNO 3 , KNO 3 , Na 2 SO 4 , K 2 SO 4
The NaNO 3 data for cation activities may be in error at high concentrations, as indicated by the consistent and marked decrease in the other activities for NaNO 3 and KNO 3 . For the sulfates, the large decreases in anion activities at high concentrations are remarkable. There is an initial decrease in cation activities, but a large increase at higher concentrations for MgCl 2 and CaCl 2 . For MgBr 2 and CaBr 2 there are again very large increases in cation activities at high concentrations. There are also increases in most anion activities, but much smaller.
Conclusions and Questions
The analysis here, and in preceding papers (Nissen 2017a,b) , shows that activation profiles have discontinuous transitions between straight line segments, presumably representing transitions from state to state of the underlying process and perhaps structure. Chemical kinetic models have no shortage of states, particularly models of enzymes (Dixon and Webb 1979) but transitions are traditionally considered smooth (except in the notable case of currents through single ion channels -Neher 1997, Sakmann and Neher 1995) . The results reported here are not smooth; they have dramatic discontinuities. The data themselves are remarkable precise, as shown by the correlation functions as reported here (for each of the straight line segments, individually). The discontinuities do not arise from experimental error, in the normal sense of that phrase (as additive instrumentation noise), but from some stochastic property (or extreme sensitivity) of the underlying molecular mechanism itself.
The multiphasic nature of the activation profiles has seemed surprising for many years (Nissen 1971 (Nissen , 1974 (Nissen , 1991 (Nissen , 1996 , but it fits beautifully with recent work in structural biology. The multiphasic profiles seem analogous to "the conformation" switching (Ha and Loh 2012) between the intermediary states found in so many protein structures, particularly those observed with cryo-electronmicroscopy (Autzen et al. 2018 , Kim and Chen 2018 , Saotome et al. 2017 , Twomey et al. 2017 , Yoder et al. 2018 . The measurements of ion activity considered here do not involve proteins. Here, "the conformation" presumably means the number of water molecules packed into the hydration shell(s) of the ion coupled to the surrounding ionic atmosphere. It is possible that the theory of Liu and Eisenberg can be extended to deal with these discrete transitions, since the theory depends sensitively on the number of waters in the inner shell and surrounding annulus, and steric packing effects might make that number a discontinuous function of bulk concentration.
